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HPV Robust Summaries and Test Plan – Quadrol (CAS No. 102-60-3) 

1.0 Executive Summary 

Quadrol (CAS No. 102-60-3) is a 14-carbon symmetrically substituted ethylenediamine. It is a white 

viscous liquid with a mild fishy odor and low volatility. It is miscible with water and highly soluble in other 

polar organic solvents. Quadrol is used as an intermediate and catalyst in chemical reactions, as a 

complexing and chelating agent, and as a humectant, plasticizer, surfactant solubilizer, and viscosity 

control agent. 

The available data for Quadrol (measured, estimated, and from references) were supplemented with data 

on a structurally-related surrogate compound, triisopropanolamine (CAS No. 122-20-3).  GLP studies 

were conducted on Quadrol to determine melting point, boiling point, ready biodegradability, and activated 

sludge respiration inhibition. In the environment, Quadrol is expected to react rapidly with atmospheric 

hydroxyl radicals, while hydrolysis is not an important fate process. Due to its low octanol-water partition 

coefficient, Quadrol is not expected to bioaccumulate. Rather, partitioning would be primarily to water 

and soil compartments.  Quadrol is not readily biodegradable (according to OECD criteria), but does 

demonstrate biodegradation given additional time for acclimation. Moreover, Quadrol does not have any 

inhibitory effects upon activated sludge respiration and therefore would be expected to be degraded when 

introduced to adapted microorganisms at low concentrations. 

The available pharmacokinetics data indicate that Quadrol is very poorly absorbed in rats following oral 

dosing (<2%), is distributed according to a one-compartment model, and is rapidly eliminated by a first 

order process. After oral dosing, the small fraction of Quadrol that is absorbed is rapidly excreted in the 

urine almost entirely (92-96%) unchanged. 

The toxicity of Quadrol to aquatic species is measured or estimated to be low (for fish and invertebrates) 

to moderate (for algae). Toxicity to mammals is low based upon the oral LD50 for rats (11,200 mg/kg 

b.w.) and the NOAEL for repeated dose toxicity of 600 – 900 mg/kg/day in a three month feeding study. In 

vitro tests have not demonstrated any mutagenicity of Quadrol, and it is not expected to be clastogenic 

based upon in vivo tests with triisopropanolamine. Triisopropanolamine was not embryotoxic, fetotoxic, or 

teratogenic at maternal doses up to 1,000 mg/kg b.w./day; these data indicate that Quadrol is not 

expected to have developmental effects either. Data from a 2-year study on triisopropanolamine indicate 

that reproductive organs were not affected. 

The overall conclusions and recommendations are that information is adequate for all HPV data elements 

and no other additional testing is required.  This information is summarized in Table 1. 
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Table 1.  Summary of Test Plan for Quadrol 

SIDS Level I Endpoint Quadrol 
(102-60-3) 

Triisopropanolamine 
(122-20-3) 

Physicochemical Properties 
Melting point A A 
Boiling point A A 
Vapor pressure A A 
Partition coefficient A A 
Water Solubility A A 

Environmental Fate 
Photodegradation A A 
Hydrolysis NA NA 
Fugacity A A 
Biodegradability A A 

Ecotoxicity 
Acute Fish A A 
Acute Daphnia R A 
Algal Inhibition R A 

Health Effects 
Acute A A 
Repeated Dose A A 
Gene Tox – Mutagenicity A A 
Gene Tox – Clastogenicity R A 
Developmental R A 
Reproductive R A 

A = Adequate Data Exists, R = Read Across, T = Testing Proposed, NA = Not Applicable 
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2.0 Introduction 

2.1 Overview 

ARCADIS G&M, Inc., on behalf of BASF Corporation, hereby submits for review and public comment the 

revised robust summaries and test plan for Quadrol [CAS No. 102-60-3; N,N,N’,N’-tetrakis(2

hyroxypropyl) ethylenediamine)], under the United States Environmental Protection Agency’s (U.S. EPA) 

High Production Volume (HPV) Chemical Challenge Program. This document addresses a single HPV 

sponsored chemical; however, data for a structurally related non-HPV chemical (triisopropanolamine; 

CAS No. 122-20-3) have been used to support the dataset for Quadrol through a read-across approach.  

Data read-across occurs when physicochemical and toxicological data from one chemical are used for 

another chemical, and is done only when the two chemicals are deemed sufficiently similar in structure 

that they are likely to have similar chemical and toxicological properties.  The use of structural analogs is 

consistent with EPA guidance for use of structure-activity relationships (SAR) in the HPV Chemical 

Challenge Program (EPA, 1999). 

The purpose of this plan is to develop physicochemical data, environmental fate and effects data, and 

mammalian health effects data for Quadrol consistent with the Screening Information Data Set (SIDS).  

Therefore, this plan summarizes the existing SIDS data for Quadrol and triisopropanolamine and 

evaluates the need for testing to fill any data gaps in the SIDS endpoints. The previously submitted test 

plan (submitted July 2, 2004) identified the need to conduct studies on Quadrol to determine melting 

point, boiling point, and ready biodegradability. BASF Corporation has since completed these studies and 

the results are described in the attached revised robust summaries and in this test plan. 

2.2 Methods for Data Review 

A review of the scientific literature and BASF Corporation’s company data was conducted on the 

physicochemical properties, environmental fate and effects, and mammalian toxicity endpoints for 

Quadrol and the structurally related triisopropanolamine.  Searches were conducted using CAS numbers 

and chemical names using the following databases: EFDB, ECOTOX, TOXLINE, MEDLINE, and 

CHEMID. In addition, a comprehensive literature search service (NERAC) was used to search the 

published literature. Standard handbooks and databases (e.g., CRC Handbook on Chemicals, IUCLID, 

Merck Index, etc.) were consulted for physicochemical properties. A variety of individual studies, reports 

and other data sources were reviewed in development of this test plan, and the literature citations for all 

of these sources are included in Appendix A. 

In accordance with U.S. EPA guidance, in those instances where measured physicochemical parameters 

and environmental fate data were not available, these properties were developed using EPIWIN (version 

3.11) modeling. EPIWIN is an acronym for the Estimation Programs Interface for Microsoft Windows 

(June 1998), and is a package of computer programs developed by the U.S. EPA Office of Pollution 
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Prevention and Toxics (OPPTS) that uses computational methods and structure-activity relationships 

(SAR) in estimating chemical properties, environmental fate and aquatic toxicity of organic chemicals. 

Due to the inherent limitations of SAR approaches, EPIWIN modeling may produce non-realistic 

estimates; therefore, EPIWIN data are evaluated for reasonableness prior to use. 

Lastly, robust summaries were prepared for studies to provide a detailed summary of the test methods 

and results. Though several studies may have been evaluated for a particular SIDS endpoint, robust 

summaries were prepared only for the critical study that represented the best available data.  Selection of 

the critical study was based on a review of all studies using the ranking system developed by Klimisch et 

al (1997), as well as the criteria outlined in the U.S. EPA’s methods for determining the adequacy of 

existing data. 

3.0 Substance Information for Quadrol 

Quadrol (CAS No. 102-60-3) is a 14-carbon symmetrically substituted ethylenediamine (Fig. 1).  At room 

temperature it is a white viscous liquid with a mild fishy odor. It has a low volatility and is miscible with 

water. It is also highly soluble in other polar organic solvents such as ethanol, methanol and ethylene 

glycol. 

Figure 1.  Structure of Quadrol 

Quadrol is used as an intermediate (e.g., cross-linking agent) and catalyst in chemical reactions.  Other 

major uses include as a complexing and chelating agent, humectant, plasticizer, surfactant solubilizer, 

and viscosity control agent. 

Synonyms and trade names include: 

• 2-propanol, 1,1’,1’’,1’’’-(1,2-ethanediyldinitrilo)tetrakis

• 1,1’,1’’,1’’’-(1,2-ethanediyldinitrilo)tetrakis-2-propanol 

• N,N,N’,N’-tetrakis(2-hydroxypropyl) ethylenediamine 

N 

O 

O 

N 

O 

O 
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• Ethylenediamine N,N,N’,N’-tetra-2-propanol 

• Entrol 

• Neutrol 

• RTECS UB5604000 

4.0 Triisopropanolamine as an Analog for Quadrol 

4.1 EPA Guidance for Use of Analogs 

In its SAR guidance for the HPV Chemical Challenge Program, the U.S. EPA states that the most likely 

analogs for an HPV chemical are those that resemble the candidate chemical in terms of the following: 

1. molecule structure/size; 

2. some substructure that may play a critical functional role; 

3. some molecular property (e.g., lipophilicity, electronic and steric parameters); and/or 

4. some precursor, metabolite, or breakdown product. 

In general, valid analogs should have close structural similarity and the same functional groups as the 

HPV chemical. In addition, a high correlation is desired between the HPV chemical and the putative 

analog for the following parameters: 

� Physicochemical properties (e.g., physical state, molecular weight, log Kow, water solubility); 

� Absorption potential; 

� Mechanism of action of biological activity; and 

� Metabolic pathways/kinetics of metabolism. 

4.2 Structural Similarity and Comparison of Data for Quadrol and Triisopropanolamine 

The analog selected for Quadrol, triisopropanolamine, closely resembles the HPV chemical and is 

believed to possess most of the desired properties for an analog as described in U.S. EPA guidance.  The 

structures of the two chemicals are shown in Figure 2.  They are highly similar and have the same 

functional groups. According to ChemIDplus (http://chem.sis.nlm.nih.gov/chemidplus), the structural 

similarity of triisopropanolamine to Quadrol is 82.39%.  Both chemicals are tertiary amines and act as 

bases. Each also has the chemical properties of both amines and alcohols, and both are expected to 

behave similarly in terms of chemical reactivity.  For example, both compounds are capable of forming 

metal complexes and both react with long-chain fatty acids to from soaps (BUA, 1993; HSDB).  Both are 

also used as cross-linking and curing agents in polymer formulations. 
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Figure 2. Comparison of structures of Quadrol and triisopropanolamine 

Table 2 compares the properties of Quadrol and triisopropanolamine. The source of the information is 

classified as “measured”, “reference”, or “estimated.” Measured data were obtained through 

experimental procedures, while estimated data were obtained through structure-activity correlations. The 

designation of reference means that the values were obtained from handbooks (such as the Merck 

Index), from material safety data sheets, or from other literature. Complete information on the sources of 

information for each data element is provided in the Robust Summaries submitted with this Test Plan. 

Table 2. Comparison of physico-chemical properties of Quadrol and triisopropanolamine 

Substance Information and 
Properties 

Quadrol 

(102-60-3) 

Triisopropanolamine 

(122-20-3) 

Synonym 2-propanol, 1,1’,1”,1’”-(1,2
ethanediyldinitrilo)tetrakis

2-propanol, 1,1’1”-nitrilotri-

Molecular Formula C14H32N2O4 C9H21NO3 

Molecular weight 292.42 191.27 

Melting point Could not be determined (measured) 50ºC (reference) 

Boiling point Could not be determined (measured) 134.2ºC at 1.25 hPa (measured) 

Vapor pressure 1.2 x 10-8 hPa (estimated) 1.808 x 10-8 hPa (measured) 

Water solubility • 1000 g/L (reference) > 1000 g/L (reference) 

pKa 4.30 and 8.99 (reference) 7.86 (reference) 

Partition coefficient (log Kow) - 2.08 (estimated) -0.015 (measured) 
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Although Quadrol has a higher molecular weight than triisopropanolamine, both are highly soluble in 

water because of their polar amine and alcohol groups.  Both also have low (negative) octanol/water 

partition coefficients when expressed as a log value. Therefore, the absorption and uptake kinetics of the 

two compounds is expected to be similar. In addition, because both compounds are tertiary amines with 

identical side chains, the metabolism of the two compounds is expected to be very similar. In general, 

tertiary amines can be metabolized to secondary amines by monaminooxidases, the reaction yielding the 

corresponding secondary amine, an aldehyde, and hydrogen peroxide (Beard and Noe, 1981) as per the 

following equation: 

2 RCH2NR’R’’ + O2 + H2O ---------• 2 RCHO + 2 NH2R’R’’ + H2O2 

Although amines are generally well absorbed from the gut and respiratory tract (Beard and Noe, 1981), 

the available pharmacokinetics data indicate that Quadrol is very poorly absorbed in rats following oral 

dosing (<2%), is distributed according to a one-compartment model, and is rapidly eliminated by a first 

order process (Dunphy, 1991). After oral dosing, the small fraction of Quadrol that is absorbed is rapidly 

excreted in the urine primarily (92-96%) unchanged.  The half-life for elimination is 82 minutes in non

diabetic rats (Dunphy, 1991). Comparable pharmacokinetic data is not available for triisopropanolamine, 

but is expected to show a similar trend due to structural similarity. 

The mechanism of biological activity of the two chemicals is unknown, although in the presence of 

nitrosating agents such as nitrites or nitrous oxides, triispropanolamine may be dealkylated under certain 

reaction conditions (i.e., low pH) to yield nitrosamines, including one known to be carcinogenic (BUA, 

1993; Yamamoto, 1991).  However, in vitro and in vivo studies, including a long-term carcinogenicity 

study, have not confirmed either the mutagenicity or carcinogenicity of triisopropanolamine (Yamamoto, 

1991). 

Available comparative mammalian toxicity data for both compounds support the contention that 

triisopropanolamine is a good analog for Quadrol. As shown in Table 3, the acute oral toxicity of the two 

chemicals to rats is similar (11,200 versus 6,500 mg/kg b.w.), with Quadrol being the less toxic of the two.  

Data from repeated dose studies also confirm that both compounds have a similar magnitude of toxicity.  

In addition, both compounds produced negative results in bacterial mutation assays with Salmonella 

typhimurium. 

Both compounds are of a low order of toxicity to fish.  The acute 96-h LC50 for Quadrol in a test with the 

fathead minnow was greater than the highest test concentration (>1,000 mg/L).  This data is consistent 

with that for triisopropanolamine, which had a 96-h LC50 between 2,150 and 4,650 mg/L in studies with 

the golden orfe (BASF, 1987). 
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Table 3.  Comparison of toxicity of Quadrol and triisopropanolamine 

Endpoint Quadrol 
(102-60-3) 

Triisopropanolamine 
(122-20-3) 

Acute Oral LD50 (mg/kg b.w.) 11,200 (neutralized solution) 6,500 

Repeated dose NOAEL (mg/kg/d) 600 – 900 (90-d feeding study) ~1216 (2-yr feeding study) 

Mutagenicity (Salmonella typhimurium 
assay) 

Negative Negative 

Acute toxicity to fish (LC50, mg/L) > 1,000 2,150 – 4,560 

Based on the weight of evidence it is concluded that triisopropanolamine is a valid analog for Quadrol and 

that the uptake, metabolism, ecotoxicology and health effects of the two compounds is expected to be 

very similar. Therefore, data read-across is used for those instances where valid and reliable data is 

available for triisopropanolamine but not for Quadrol. 

5.0 Data Analysis and Proposed Testing 

A summary of proposed testing for this group is shown in Table 1 (in Section 1) and a completed SIDS 

data matrix is provided in Section 6. The SIDS endpoints for triisopropanolamine are largely covered by 

reliable experimental data. Therefore, data for the endpoints for Quadrol can be covered by data read-

across from triisopropanolamine, where data for Quadrol itself are not available. Additional mammalian 

toxicity studies, aquatic toxicity studies and EPIWIN estimates for physicochemical data support data 

read-across. 

5.1 Physico-chemical Properties 

As previously presented in Table 2, measured data for boiling point, vapor pressure and partition 

coefficient are available for triisopropanolamine. A literature reference provided the water solubility data, 

and the melting point was obtained from a company Material Safety Data Sheet (MSDS). Some 

physicochemical endpoints for Quadrol were filled from reference data and by estimation.  For the needs 

of the HPV Program, reference data and estimation provide sufficiently reliable information for many 

endpoints. To supplement these data, BASF conducted testing to determine the melting point and boiling 

point of Quadrol. These studies were conducted according to guideline methods (Directive 92/69/EEC. 

A.1 and Directive 92/69/EEC, A.2, respectively) and under GLPs (BASF, 2005a). In the melting point 

study, no melting point for Quadrol could be observed in the temperature range of -100ºC to +40ºC. The 

boiling point for Quadrol could not be determined, as temperatures decreased at constant pressure due to 

thermally caused changes in the test substance. The value for water solubility for Quadrol was obtained 

from MSDSs and the vapor pressure and partition coefficient were predicted with EPIWIN modeling. No 

further physicochemical testing is recommended for Quadrol. 
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5.2 Environmental Fate and Pathways 

Environmental fate data for Quadrol were largely developed using EPIWIN model results. These 

estimated data are supported by the available data (estimated and measured) for triisopropanolamine. In 

addition, BASF Corporation conducted studies to determine the ready biodegradability and activated 

sludge respiration inhibition properties of Quadrol. These studies were conducted according to accepted 

guidelines (OECD 301 A and Directive 88/302/EEC, C.11, respectively) and under GLPs. The 

environmental fate data are summarized in Table 4, below, along with identification of the sources of 

information (reference, measured, or estimated).  Detailed information is tabulated in Section 6 and more 

fully described in the Robust Summaries submitted concurrently with this Test Plan. 

Indirect photodegradation in air was calculated for both Quadrol and triisopropanolamine using AOPWIN 

v1.91. The half-life for Quadrol was 0.6 h, compared to the half-life for triisopropanolamine of 2.1 h.  

Hydrolysis is not expected to be an important fate process for either substance based upon their 

structures. Based on the EQC Level III model, it is predicted that Quadrol will be distributed to soil 

(50.1%) and water (49.8%) under conditions of equal emission to water, soil and air. This is similar to the 

predictions for triisopropanolamine (54.6% distributed to soil and 45.3% to water).  Modeling results 

(BIOWIN v.401) predict that the timeframe for ultimate biodegradation is weeks to months for Quadrol. 

The results of a laboratory biodegradation study using the DOC Die-Away method (OECD 301 A, new 

version) indicated that Quadrol was not readily biodegradable by non-acclimated activated sludge, as 

mean DOC removal was 20% after 28 days. However, the results suggest that some biodegradation can 

occur over a longer time frame, as DOC removal increased to 41% after 42 days, and this removal was 

demonstrably not due to adsorption or physico-chemical processes (BASF, 2005b).  Moreover, Quadrol 

does not inhibit activated sludge respiration, as shown by the results of the Activated Sludge Respiration 

Inhibition test (Directive 88/302/EEC,C.11) (BASF, 2005c). The 30-minute EC20, EC50 and EC80 for 

Quadrol were all greater than 1000 mg/L in this test. For triisopropanolamine, the results of an inherent 

biodegradation study (OECD 302B) indicate that degradation is less than 10% after 28 days.  However, 

other available information (Davis and Carpenter, 1997) indicates that biodegradation of 

triisopropanolamine increases from a 5-day BOD value of less than 5% using an unacclimated inoculum 

to 40-50% using an acclimated inoculum.  In a simulation test with dilute activated sludge, 

diisopropanolamine was completely degraded within 72 – 120 hours; since this compound is a major 

metabolite of the aerobic biodegradation of triisopropanolamine, similar results would be expected with 

triisopropanolamine (Davis and Carpenter, 1997). Taken together, these results for Quadrol and 

triisopropanolamine indicate that biodegradation of Quadrol is not expected to be rapid but is possible 

with acclimated microorganisms, and the opportunity for acclimation exists because Quadrol is not toxic 

to activated sludge microorganisms. 
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The available laboratory data and estimations fulfill the environmental fate endpoints for Quadrol, and are 

supported by the data for triisopropanolamine.  No further testing is necessary. 

Table 4.  Environmental Fate & Pathways Information for Quadrol and Triisopropanolamine 

Environmental Fate Endpoint Quadrol 

(102-60-3) 

Triisopropanolamine 

(122-20-3) 

Photodegradation half-life 0.6 h (estimated) 2.1 h (estimated) 

Hydrolysis Expected to be stable to 
hydrolysis 

Expected to be stable to hydrolysis 

Fugacity (percent distribution over 
time assuming equal emissions to 
air, water and soil) 

Air: <0.01; Water: 49.8; Soil: 
50.1; Sediment: 0.1 

(estimated) 

Air: <0.01; Water: 45.3; Soil: 54.6; 
Sediment: 0.1 (estimated) 

Biodegradation 20% biodegradation after 28 
days and 41% degradation 
after 42 days in DOC Die-
Away test (measured); no 

inhibition in Activated Sludge 
Respiration Inhibition test 

(measured) 

<10% biodegradation after 28 days in 
Zahn-Wellens test (measured); 40-50% 
biodegradation with acclimated inoculum 
(measured) and complete degradation 
likely in activated sludge (reference) 

5.3 Ecotoxicity 

An acute toxicity test was conducted with Quadrol using the fathead minnow, resulting in a 96-h LC50 of 

greater than 1,000 mg/L, indicating low toxicity. There are no measured data available for Quadrol for 

invertebrates or algae.  Acute fish, daphnia and algae inhibition studies were conducted for 

triisopropanolamine. Triisopropanolamine also had low toxicity to fish, with a reported 96-h LC50 

between 2,150 and 4,640 mg/L. Additional measured results for triisopropanolamine include a 48-h EC50 

for Daphnia magna of > 500 mg/L (low toxicity) and a 72-h EC50 (based upon biomass) for Scenedesmus 

subspicatus of 69 mg/L (moderate toxicity).  In the absence of data for aquatic invertebrates and aquatic 

plants for Quadrol, ECOSAR predictions were made; these indicate low acute toxicity for Quadrol. The 

estimations are strengthened by the comparability to the triisopropanolamine data, including the pattern 

seen for both substances wherein the algae are the most sensitive, the invertebrates have intermediate 

sensitivity and the fish are the least sensitive.  Additional supportive information is derived from the 

ECOSAR predictions for triisopropanolamine. These data are summarized in Table 5 below and are 

more fully described in Section 6 and the Robust Summaries.  The measured and estimated data for 

Quadrol, as supported by both the measured and estimated data for triisopropanolamine, adequately 

cover the SIDS ecotoxicity endpoints and no further testing is warranted for Quadrol. 
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Table 5.  Ecotoxicity Information for Quadrol and Triisopropanolamine 

Ecotoxicity Endpoint Quadrol 

(102-60-3) 

Triisopropanolamine 

(122-20-3) 

Acute fish LC50, 96-h (mg/L) > 1,000 for fathead minnow (measured); 
32,900 for fish (estimated) 

2,150-4,640 for golden orfe (measured); 
6,060 for fish (estimated) 

Acute invertebrate EC50, 48
h (mg/L) 

1,435 for daphnid (estimated) > 500 for Daphnia magna (measured); 
295 for daphnid (estimated) 

Algal inhibition EC50 (mg/L) 662 for green algae, 96-h EC50 
(estimated) 

69 for Scenedesmus subspicatus, 72-h 
EbC50 (measured); 183 for green 
algae, 96-h EC50 (estimated) 

5.4 Health Effects 

5.4.1 Absorption, Distribution, and Excretion 

The pharmacokinetic profile of Quadrol has been studied in male Sprague-Dawley rats after being given a 

single oral dose by gastric gavage at 50, 100, or 200 mg/kg b.w. (Dunphy, 1991).  Peak plasma levels of 

Quadrol at 40 to 60 minutes after dosing were proportional to the oral dose. Pharmacokinetic calculations 

indicated that Quadrol was very poorly absorbed and eliminated by a first order process at all dose levels 

administered.  These results were consistent with what was expected based upon Quadrol’s polarity and 

lack of appreciable lipid solubility. The calculated oral bioavailability factor (F=0.018) indicated that less 

than 2% of the orally administered Quadrol was absorbed through the stomach and intestines.  Protein 

and erythrocyte binding studies confirmed that Quadrol has a very low affinity for both bovine and human 

albumin, as well as rat erythrocytes, with less than 2% bound or partitioned. Therefore, Quadrol would be 

expected to exist almost exclusively as a “free drug” in the plasma. The half-life for urinary elimination of 

absorbed Quadrol was rapid (108 min) indicating that it would be virtually 100% eliminated from the 

bloodstream within 24 hours following a single dose.  The kinetics of absorbed Quadrol conformed to a 

one-compartment model of distribution and indicated minimal tissue distribution (Vd = approx. 4 mL/kg 

b.w.) and metabolism. Approximately 92 – 96% of the absorbed compound was excreted in the urine 

unchanged and none of the hypothetical metabolites such as keto- or N-dealkylated derivatives were 

detected. 

5.4.2 Acute Toxicity 

The results of an acceptable acute oral toxicity test with rats (Hilltop Research, 1956a) on Quadrol 

indicate an LD50 of 11,200 mg/kg b.w. when the test substance solution was neutralized to pH 7.  Toxicity 
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was increased (3,900 mg/kg b.w.) when the pH of the Quadrol test solution was at its initial value of 10.9, 

but still of a low order of magnitude. The difference in toxicity is believed to be due to the fact that 

Quadrol exists as a monocation at a pH of 7 (with low lipid solubility), while it is largely uncharged and 

more lipophilic at the higher pH1. The comparable study for triisopropanolamine does not provide details 

about any neutralization of the test substance, but indicates an oral LD50 for rats of 6,500 mg/kg b.w. 

(Smythe et al., 1941). Other reported oral LD50 values for the rat range from 4,000 to 9,000 mg/kg b.w. 

(BUA, 1993). 

5.4.3 Repeated Dose Toxicity 

A three-month feeding study on Quadrol with rats (Hilltop Research, 1956b) was conducted at dose levels 

of 0.1%, 0.3%, 1%, 3% and 5%; these dose levels were equivalent to average daily intakes (over the 

course of the study) of 70, 210, 720, 2,170 and 3,750 mg/kg/day. The effects observed at the two highest 

dosages included temporary decreased food consumption, loss of body weight, and interference with 

growth rate. The study authors express the NOAEL, presumably based upon the intakes during the first 

month of the study when the food consumption was affected, as 600 – 900 mg/kg/day. Two studies are 

used to provide information about repeated dose toxicity of triisopropanolamine.  A feeding study with rats 

lasting 102 weeks was designed to examine carcinogenic effects of endogenously synthesized N

nitrosobis(2-hydroxypropylamine) from triisopropanolamine in the presence of sodium nitrite (Yamamoto, 

1991). Data from this study using one dose level of triisopropanolamine in the absence of sodium nitrite 

indicates that approximately 1,216 mg/kg/day did not cause any significant increases in tumor incidence 

in a variety of organs. Another study, a 30-day drinking water exposure for rats, provides a NOAEL of 

triisopropanolamine of 140 mg/kg/day (Smythe and Carpenter, 1948).  The LOAEL in this study, 260 

mg/kg/day, is based upon micropathological lesions of the liver, kidney, spleen or testis. 

5.4.4 Genetic Toxicity 

Quadrol is not expected to be genotoxic. An Ames test on Quadrol using four strains of S. typhimurium 

(TA97, TA98, TA100, and TA102) and one strain of E. coli, both with and without activation, was negative.  

Both in vitro and in vivo studies are available for triisopropanolamine, which showed no mutagenic effects 

in the Ames test and no clastogenic effects in the mouse micronucleus test. 

1 Quadrol is a base with pKa values of 4.30 and 8.99, respectively, for the two amine groups (McMahon et 
al., 1986). Thus, one of the amine groups will exist largely as a cation at a pH of 7, while the other will be 
neutral (uncharged). Above the upper pKa (8.99), both amines will donate protons and be in the neutral 
form. 
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5.4.5 Developmental and Reproductive Toxicity 

No information on developmental or reproductive toxicity is available for Quadrol.  However, data on 

triisopropanolamine are available from a prenatal toxicity (teratogenicity) study conducted with Wistar rats 

according to OECD Guideline 414 (BASF, 1995). Doses in this study were 100, 400, and 1,000 mg/kg 

b.w. per day. Doses were administered to 23-25 pregnant female rats on days 6-15 post coitum (p.c.) by 

gavage as an aqueous solution.  A control group of 25 dams was dosed with the vehicle only (double 

distilled water). On day 20 p.c., all females were sacrificed and assessed for gross pathology. The 

uterus and ovaries were removed, examined, and gestational data recorded (e.g., number of corpora 

lutea, dead implantations, resorptions, live and dead fetuses). The fetuses were removed from the 

uterus, sexed, weighed and further examined for any external, soft tissue and/or skeletal findings. 

For animals in the high dose group (1,000 mg/kg b.w./d), feed intake, body weight gain, and corrected 

body weight gain were significantly decreased compared to the control group. Despite signs of overt 

maternal toxicity at this dose, no effects on fetuses or gestational parameters (e.g., conception rate, 

number of resorptions, number of viable fetuses) were observed.  At the two lower doses, no treatment-

related effects were observed on the dams, gestational parameters or fetuses.  Overall, the NOAEL for 

teratogenic effects was >1,000 mg/kg b.w., while the NOAEL for maternal effects was 400 mg/kg b.w., 

based on reduced feed consumption and reduced body weight gain. No treatment-related effects upon 

gestational parameters or the fetuses were observed with any of the administered doses and it is 

concluded that triisopropanolamine is not embryotoxic, fetotoxic, or teratogenic with maternal doses up to 

1,000 mg/kg b.w./d. 

A long-term carcinogenic study by Yamamoto (1991) provides some additional information on 

reproductive effects of triisopropanolamine.  After an exposure of 102 weeks to approximately 1,216 

mg/kg/day, there were no significant increases in tumors of reproductive organs, including the testis, 

mammary gland, and pituitary gland. 

5.4.6 Summary of Health Effects Data 

The available data for Quadrol fulfill the endpoints for acute toxicity, repeated dose toxicity, and in vivo 

genotoxic effects (mutagenicity). There is no information available on Quadrol for clastogenic effects, 

developmental or reproductive toxicity. Using the read-across approach, the data from a mouse 

micronucleus test with triisopropanolamine is adequate to characterize clastogenic effects of Quadrol. 

Similarly, a teratogenicity study on triisopropanolamine is used to satisfy the developmental toxicity 

endpoint for Quadrol. Data from this study and a 2-year carcinogenicity study on triisopropanolamine 

provide information about reproductive effects, satisfying the reproductive toxicity endpoint for Quadrol. 
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The SIDS endpoints relative to health effects for Quadrol and triisopropanolamine are summarized in 

Table 6, with more detailed information provided in Section 6 (SIDS Data Matrix) and in the Robust 

Summaries submitted with this Test Plan. 

Table 6.  Health Effects Information for Quadrol and Triisopropanolamine 

Toxicity Endpoint Quadrol 

(102-60-3) 

Triisopropanolamine 

(122-20-3) 

Acute oral LD50 (mg/kg b.w.) 11,200 for rats, neutralized solution 6,500 for rats 

Repeated dose toxicity, 
NOAEL (mg/kg/day) 

600 – 900 in 3-month feeding study 
with rats 

1,216 in 102-week feeding study with rats; 
140 in 30-day drinking water study with rats 

Mutagenicity Negative in S. typhimurium and E. 
coli tests 

Negative in S. typhimurium test 

Clastogenicity Negative in mouse micronucleus test 

Developmental and 
reproductive toxicity 

NOAEL 400 mg/kg b.w. for maternal effects 
and >1,000 mg/kg b.w. for embryo
fetotoxicity and teratogenic effects. NOAEL 
1,216 mg/kg/d based upon no evidence of 
tumors in reproductive organs in 102-week 
feeding study with rats 

Note: all data are based upon measured values. 
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5.5 Test Plan Summary 

All of the SIDS Level I endpoints for Quadrol are filled by a combination of measured and estimated data 

for the compound, as listed in Table 7. The adequacy of this information is further supported by 

comparable data for triisopropanolamine. The structural similarity and comparability of physico-chemical 

and toxicological properties between the two chemicals makes triisopropanolamine a suitable surrogate 

for Quadrol. Where data are not available for Quadrol (e.g., acute daphnia toxicity, algal inhibition, 

clastogenic effects, and developmental and reproductive effects), information on triisopropanolamine is 

used in a read-across manner to fill these data gaps.  Adequate data for triisopropanolamine were 

available for all of these remaining endpoints.  Therefore, no additional testing on Quadrol is 

recommended. 

Table 7:  Summary of Data Gap Analysis for Quadrol 

SIDS Level I Endpoint Quadrol 
(102-60-3) 

Triisopropanolamine 
(122-20-3) 

Physicochemical Properties 
Melting point A A 
Boiling point A A 
Vapor pressure A A 
Partition coefficient A A 
Water Solubility A A 

Environmental Fate 
Photodegradation A A 
Hydrolysis NA NA 
Fugacity A A 
Biodegradability A A 

Ecotoxicity 
Acute Fish A A 
Acute Daphnia R A 
Algal Inhibition R A 

Health Effects 
Acute A A 
Repeated Dose A A 
Gene Tox – Mutagenicity A A 
Gene Tox – Clastogenicity R A 
Developmental R A 
Reproductive R A 

A = Adequate Data Exists, R = Read Across, T = Testing Proposed, NA = Not Applicable 
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6.0 SIDS Data Matrix 

SIDS Endpoint 

Quadrol 
(102-60-3) 

Triisopropanolamine 
(122-20-3) 

Value Comment Value Comment 
Physicochemical 
Melting point (�C) Could not be determined BASF, 2005a 50 MSDS 

Boiling point (�C) Could not be determined BASF, 2005a 134 at 1.25 hPa BASF, 1972 

Vapor pressure (hPa) 1.2 x 10-8 EPIWIN 1.8 x 10-8 at 25ºC BASF, 1972 (from linear 
regression based upon 
measured data) 

Partition coefficient (Log Kow) -2.08 EPIWIN -0.015 BASF, 1987a 

Water Solubility (g/L) • 1,000 Merck Index > 1,000 Dow, cited in Davis and 
Carpenter, 1997. 

Environmental fate 
Photodegradation (t1/2 days) 0.6 h EPIWIN 2.1 h EPIWIN 

Hydrolysis Stable Stable 

Fugacity 49.8% water, 50.1% soil EQC Level III 45.3% water, 54.6% soil EQC Level III 

Biodegradability 20% after 28 days; 41% 
after 42 days. No 
inhibition of activated 
sludge respiration 

BASF, 2005b; BASF, 
2005c 

< 10% in 28 day test (inherent); 40%-50% 
degradation with acclimated inoculum; 
degradable with activated sludge 

BASF, 1981a; Davis and 
Carpenter, 1997 

Ecotoxicity 
Acute Fish – LC50 (mg/L) > 1,000 for fathead 

minnow 
Industrial Biotest, 1976 2,150-4,640 for golden orfe BASF, 1987b 

Acute Invertebrate – EC50 (mg/L) 1,435 for daphnid ECOSAR > 500 for Daphnia magna BASF, 1987c 

Algal Inhibition – EC50 (mg/L) 662 for green algae (96-h) ECOSAR 69 for Scenedesmus subspicatus (72-h) BASF, 1988; BASF, 2003 

Toxicity 
Acute – Oral LD50 (mg/kg) 11,200 for rats Hilltop Research, 1956a 6,500 for rats Smythe et al., 1941 

Repeated Dose, NOAEL 
(mg/kg/d) 

600- 900 for rats Hilltop Research, 1956b. 3
month feeding study 

1,216 in feed, for rats (102 weeks); 
140 in drinking water, for rats (30 days) 

Yamamoto, 1991; Smythe and 
Carpenter, 1948 

Gene Tox – Mutagenic Negative in Ames assay Hachiya and Takizawa, 
1994 

Negative in Ames assay Haworth, 1983 

Gene Tox – In-vivo Cytogenetic Negative in mouse micronucleus test BASF, 1995a 

Developmental – Rat Oral 
NOAEL (mg/kg bw) 

Maternal: 400 
Teratogenicity: >1000 

BASF, 1995b 

Reproductive ~ 1,216 mg/kg/d caused no tumors in 
reproductive organs over 102 week exposure 

Yamamoto, 1991 

16




HPV Robust Summaries and Test Plan – Quadrol (CAS No. 102-60-3) 

7.0 References 

This list of references is for studies as cited in Sections 1- 5, while a complete list of all data sources 

reviewed in the development of Robust Summaries and Test Plan for Quadrol is attached as Appendix A. 

BASF AG, 1987. Department of Toxicology; unpublished results (87/271), 02.12.87. 

BASF AG, 1995. Study of the Prenatal Toxicity of Triisopropanolamine in Wistar Rats after Oral 
Administration (Gavage). Department of Toxicology, unpublished data, Project No. 30R0013/93029, 
07/14/1995. 

BASF, 2005a. Final Report, Physico-chemical properties of Quadrol Polyol, Study No. 05L0061, GKA 
Competence Center Analytics, June, 2005. 

BASF, 2005b. Quadrol Polyol: Determination of the Biodegradability in the DOC Die-Away Test, 
Laboratory Project No. 21G0628/043373, Experimental Toxicology and Ecology, BASF 
Aktiengesellschaft, 67056 Ludwigshafen/Rhein, Germany, May 2, 2005. 

BASF, 2005c. Quadrol Polyol: Determination of the Inhibition of Oxygen Consumption by Activated 
Sludge in the Activated Sludge Respiration Inhibition Test, Laboratory Project No. 08G0628/043374, 
Experimental Toxicology and Ecology, BASF Aktiengesellschaft, 67056 Ludwigshafen/Rhein, Germany, 
April 13, 2005. 

Beard, R.R., and Noe, J.T., 1981. Aliphatic and cyclic amines. In: Clayton, G.D. and Clayton, F.E. (ed.) 
Patty’s Industrial Hygiene and Toxicology, 3rd revised edition, Vol. 2B Toxicology, John Wiley & Sons< 
New York, pp. 3135-3173. 

BUA, 1993. Triisopropanolamine, BUA Report 148. German Chemical Society (GDCh) – Advisory 
Committee on Existing Chemicals of Environmental Relevance (BUA). 

Davis, J.W. and Carpenter, C.L., 1997. Environmental assessment of the alkanolamines. Reviews of 
Environmental Contamination and Toxicology, Vo. 149, pp. 87-137. 

Dunphy, M.J. 1991. Quadrol, N,N,N’,N’-(2-hydroxypropyl)ethylenediamine: Pharmacokinetics and 
assessment of acute toxicity in rats. Ph.D. Dissertation, University of Akron. 159 p. 

EPA, 1999. The use of structure-activity relationships (SAR) in the High Production Volume Chemicals 
Challenge Program. At http://www.epa.gov/chemrtk/sarfinl1.htm 

HSDB (Hazardous Substances Data Base), http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?hsdbb.htm 

Hill Top Research Institute, 1956a. Acute Oral Toxicity of Quadrol, March 7, 1956. 

Hill Top Research Institute, 1956b. Subacute Oral Toxicity of Quadrol, March 1, 1956. Project 151. 

Klimisch, H.J., Andreae, M. And Tillmann, U., 1997. A systematic approach for evaluating the quality of 
experimental toxicological and ecotoxicological data. Regulatory Toxicol. and Pharmacol. 25:1-5. 

McMahon, R., M. Brennan, and J.D. Glennon. 1986. The pKa values of N,N,N’,N’-(2
hydroxypropyl)ethylenediamine. Talanta, 33(11): 927. 

Smythe, H.F., Jr., and Carpenter, C.P., 1948. Further experience with the range finding test in the 
industrial laboratory. J. Ind. Hyg. Toxicol. 30, 63-68. 

17


http://www.epa.gov/chemrtk/sarfinl1.htm
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?hsdbb.htm


HPV Robust Summaries and Test Plan – Quadrol (CAS No. 102-60-3) 

Smythe, H.F., Jr., Seaton, J. and Fischer, L. 1941. The single dose toxicity of some glycols and 
derivatives. J. Ind. Hyg. Toxicol. 25:259-268. 

Yamamoto, K., 1991. Endogenously synthesized N-nitrosobis(2-hydroxypropyl)amine and its carcinogenic 
potential in rats. J. Nara. Med. Ass. 42:134-152. 

18




HPV Robust Summaries and Test Plan – Quadrol (CAS No. 102-60-3) 

Appendix A 

This appendix contains the complete list of all data sources reviewed in the development of the Robust 

Summaries and Test Plan for Quadrol.  Reference numbers in bold indicate studies for which robust 

summaries have been prepared. 

(1)	 BASF AG, 1972. Verfahrenstechnik, unpublished results, report no. 172.096.1, April 6, 1972 

(2)	 BASF AG, 1981a. Labor Oekologie; unveroeffentlichte Untersuchung, No. 7, 1981 

(3)	 BASF AG, 1981b. Department of Ecology, unpublished study, 11.03.1981 

(4)	 BASF AG, 1987a. Analytisches Labor: unveroeffentlichte Untersuchung, BRU 87.262, 

18.12.1987


(5)	 BASF AG; 1987b. Department of Toxicology; unpublished results (87/271), 02.12.87 

(6)	 BASF AG, 1987c. Labor Oekologie; unveroeffentlichte Untersuchung, 1133/87, 27.01.1987 

(7)	 BASF AG, 1988. Analytisches Labor; unveroeffentlichte Untersuchung, 307371, 28.04.1988 

(8)	 BASF AG, 1990. Department of Ecology, unpublished study, 1090/88, 19.12.1990 

(9)	 BASF AG, 1991. Sicherheitsdatenblatt TRIISOPROPANOLAMIN (4/91) 

(10)	 BASF AG, 1995a. Dept. of toxicology, unpublished data (26M0013/9[C196), 02/23/1995 

(11)	 BASF AG, 1995b. Study of the Prenatal Toxicity of Triisopropanolamine in Wistar Rats after Oral 
Administration (Gavage). Department of Toxicology, unpublished data, Project No. 
30R0013/93029, 07/14/1995. 

(12)	 BASF AG, 1999. Safety Data Sheet, Triisopropanolamine, 09.11.1999 

(13)	 BASF Corp., 2002. Material Safety Data Sheet, Quadrol. 17 SEP 2002 

(14)	 BASF AG, 2003. Department of Product Safety, unpublished calculation, 04.09.2003 

(15)	 BASF, 2005a. Final Report, Physico-chemical properties of Quadrol Polyol, Study No. 05L0061, 
GKA Competence Center Analytics, June, 2005. 

(16)	 BASF, 2005b. Quadrol Polyol: Determination of the Biodegradability in the DOC Die-Away Test, 
Laboratory Project No. 21G0628/043373, Experimental Toxicology and Ecology, BASF 
Aktiengesellschaft, 67056 Ludwigshafen/Rhein, Germany, May 2, 2005. 

(17)	 BASF, 2005c. Quadrol Polyol: Determination of the Inhibition of Oxygen Consumption by 
Activated Sludge in the Activated Sludge Respiration Inhibition Test. Laboratory Project No. 
08G0628/043374, Experimental Toxicology and Ecology, BASF Aktiengesellschaft, 67056 
Ludwigshafen/Rhein, Germany, April 13, 2005. 

(18)	 BUA, 1993. Triisopropanolamine, BUA Report 148. German Chemical Society (GDCh) –

Advisory Committee on Existing Chemicals of Environmental Relevance (BUA). 


A -1 



HPV Robust Summaries and Test Plan – Quadrol (CAS No. 102-60-3) 

(19)	 BUA, 1998. Triisopropanolamine, Supplementary Report. BUA Report 219. German Chemical 
Society (GDCh) – Advisory Committee on Existing Chemicals of Environmental Relevance (BUA). 

(20)	 Budavari, S., ed., The Merck Index: an encyclopedia of chemicals, drugs and biologicals. 12th 
ed., Merck and Co., New Jersey, 1996. 

(21)	 Davis, J.W. and Carpenter, C.L., 1997. Environmental assessment of the alkanolamines. Reviews 
of Environmental Contamination and Toxicology, Vo. 149, pp. 87-137. 

(22)	 Dunphy, M.J. 1991. Quadrol, N,N,N’,N’-(2-hydroxypropyl)ethylenediamine: Pharmacokinetics and 
assessment of acute toxicity in rats. Ph.D. Dissertation, University of Akron.  159 p. 

(23)	 The Dow Chemical Company, 1988. Physical properties of the alkanolamines. Form No. 111
1227-88. The Dow Chemical Company, Midland MI. Cited in Davis, J.W. and Carpenter, C.L., 
1997, Environmental assessment of the alkanolamines, Reviews of Environmental Contamination 
and Toxicology 149:87-137. 

(24)	 Hachiya, N. and Takizawa, Y., Mutagenicity of Plastic Additives, Hen'igensei Shiken 3(3):147-154 
(1994). Cited at http://toxnet.nlm.nih.gov, CCRIS Record number 8275, last updated 02/12/2001. 

(25)	 Hill Top Research Institute, 1956a. Acute Oral Toxicity of Quadrol, March 7, 1956 

(26)	 Hill Top Research Institute, 1956b. Subacute Oral Toxicity of Quadrol, March 1, 1956, Project 
151. 

(27)	 Industrial Bio-Test Laboratories, Report No. 8560-08828, Four-Day Static Aquatic Toxicity Study 
with Quadrol in Fathead Minnows, May 4, 1976. 

(28)	 McMahon, R., M. Brennan, and J.D. Glennon. 1986. The pKa values of N,N,N’,N’-(2

hydroxypropyl)ethylenediamine.  Talanta, 33(11): 927.


(29)	 MDL Information Systems, Material Safety Data Sheet, Quadrol, 11 DEC 2001 

(30)	 MDL Information Systems, Material Safety Data Sheet, Quadrol, 22 MAR 2001 

(31)	 Smyth, H.F., Jr., Seaton, J. and Fischer, L., 1941.  The single dose toxicity of some glycols and 
derivatives. J. Ind. Hyg. Toxicol. 25:259-268. 

(32)	 Smyth, H.F. and Carpenter C.P., 1948. Further experience with the range finding test in the 

industrial laboratory.J. Ind. Hyg. Toxicol. 30, 63-68 


(33)	 Toropkov, V.V.: 1980. Tr. Leningr. San.-gigien Med.In-ta 130, 29 (1980), cited in: BIBRA Toxicity 
Profile "Triisopropanolamine"(1990) 

(34)	 Yamamoto, K., 1991. Endogenously synthesized N-nitrosobis(2-hydroxypropyl)amine and its 
carcinogenic potential in rats. J. Nara. Med. Ass. 42:134-152 

(35)	 Zeiger, E. et al.: Environ. Mutagen. 9, Suppl. 9, 1-18 (1987) 

A -2 

http://toxnet.nlm.nih.gov

	ar: 201-16130


